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PADTATTON-CURABLE INK COMPOSITION FOR COATED OPTICAL GLASS 

FIBERS 

5 

1 . Field of Invention 

The invention relates to a method for making 
radiation-curable ink composition, radiation- curable ink 
composition and a ribbon assembly. 

10 

2. Background of the Invention 

Optical glass fibers are usually coated with 
two superposed radiation-cured coatings, which together 
form a primary coating. The coating which contacts the 

15 glass surface is called the inner primary coating and the 
overlaying coating is called the outer primary coating. 

The inner primary coating is usually a soft 
coating having a low glass transition temperature 
(hereinafter "Tg"), to provide resistance to microbending . 

20 Microbending can lead to attenuation of the signal 

transmission capability of the coated optical glass fiber 
and is therefore undesirable. The outer primary coating is 
typically a harder coating providing desired resistance to 
handling forces, such as those encountered when the coated 

25 fiber is cabled. 

For the purpose of mult i -channel transmission, 
optical glass fiber assemblies containing a plurality of 
coated optical fibers have been used. Examples of opnical 
glass fiber asserrblies include ribbon assemblies and 

30 cables. A typical optical glass fiber assembly is made of 
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a plurality of coated optical glass fibers which are 
bonded together in a matrix material. For example, the 
matrix material can encase the optical glass fibers, or 
the matrix material can edge-bond the optical glass fibers 
5 together. 

Optical glass fiber assemblies provide a 
modular design which simplifies the construction, 
installation and maintenance of optical glass fibers by 
eliminating the need to handle individual optical glass 
10 fibers. 

Coated optical glass fibers for use m optical 
glass fiber asserrtblies are usually coated with an outer 
colored layer, called an ink coating, or alternatively a 
colorant is added to the outer primary coating to 
15 facilitate identification of the individual coated optical 
glass fibers. Thus, the matrix material which binds the 
coated optical glass fibers together contacts the outer 
ink layer if present, or the colored outer primary 
coating . 

20 When a single optical glass fiber cf the 

assembly is to be fusion connected with another oprical 
glass fiber or with a connector, an end part cf the matrix 
layer can be removed to separate each of the optical glass 
fibers . 

25 Desirably, the primary coatings on the coated 

optical glass fibers, and the ink coating if present, are 
rem.ovec simultaneously with the matrix material tc prc/iae 
bare portions on the surface of the optical glass fibers 
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(hereinafter referred to as "ribbon stripping") . In ribbon 
stripping, the matrix material, primary coatings, and ink 
coating, are desirably removed as a cohesive unit to 
provide a clean, bare optical glass fiber which is 
5 substantially free of residue. 

Ink coatings usually have a thickness of about 
3 to about 10 microns and are formed from a pigment 
dispersed within a UV curable carrier system. The UV 
curable carrier system contains a UV curable oligomer or 

10 monomer that is liquid before curing to facilitate 

application of the ink composition to the optical glass 
fiber, and then a solid after being exposed to UV 
radiation. In this manner, the UV curable ink composition 
can be applied to a coated optical glass fiber in the same 

15 manner as the inner primary and outer primary coatings are 
appl ied . 

Modern high speed optical glass fiber drawing 
towers operate at a very high speed. Thus, the ink 
composition must have a very fast cure speed to ensure 

20 complete cure of the ink coating on the high speed drawing 
tower. However, the increase m cure speed should not come 
at the expense of other important properties of the ink 
coating, such as providing suitable break out performance. 
In addition, ink compositions should not contain 

25 ingredients that can migrate to the surface of the optical 
glass fiber and cause corrosion. The ink composition 
should also not contain ingredients which can cause 
instability in the protective coatings or matrix material . 
Ink coatings tor optical glass fibers should be color fasr 
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for decades, not cause attenuation of the signal 
transmission, be impervious to cabling gels and chemicals, 
and allow sufficient light penetration for fiber core 
al ignment . 

5 From the above, it is clear that optical glass 

fiber recnnology places many unique demands on radiation- 
curabi-e ink compositions which more conventional 
techr.c 1 - ; les , such as printing inks, do not . 

U.S. patent No. 4,629,285 discloses a method 

10 fcr n-..ir.;r.T an ink coating on a coated optical glass fiber 
ir. whi'jr. 3 IT^' curable ink is applied to a coated optical 
g:<is.- t.f-T. The ink coating is applied in a method that 
prei;*-rvvc the concentricity of the optical glass fibers. 
The jT'-it-rred inks are pigmented semi-opaque UV curable 

15 p-l*."^r;r inks. However, the ink compositions disclosed in 
t.'.ii. ; do not have a sufficiently fast enough cure 

c:.^.. i • t_._. used on modern high speed optical glass fiber 
dri-:r. : .ir.j coating towers. 

Laid open Japanese Patent Application No. Hl- 

20 ICI-i"'' i..;j*cses a radiat ion- curable ink composition 
c c r.*. a . :-. . r. J :in organic polysiloxane compound. The 
p _ 1 v.- . . - X jr.»* compound provides the ink coating with the 
aLiI:'; ' :ieparate more easily from the matrix material 
i:. i :.:r •. .isj.^embly. 

25 r^clished Japanese Patent Application No. 64- 

I^:-"' ;.. radiat icn-curable ink compositions 

ccr.t i.:..- '■ -T'-'jrific radi at icn- curabl e oligomers. The ink 
cr'-r r-rovides an ink coating having adhesion to the 

cu*:--: : : . " i : coatma which is seoarabie from the matrix 
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material in a ribbon assembly. 

Conventional ink coatings can have problems 
with concentricity. If the ink coating is not concentric, 
undesirable attenuation of the signal transmission may 
occur. Thus, there is a need for an ink composition that 
can be applied to a coated optical glass fiber in a 
concentric layer. 

Ink compositions containing pigments can be 
very difficult to suitably cure via exposure to actinic 
radiation. The pigments can cause an undesirable reduction 
m cure speed. Thus, there is a need for a fast curing ink 
composition that can be used on high speed modern day 
optical glass fiber drawing and coating towers. 

Ink coatings can have a non-uniform coloring. 
Therefore, there is a need for an ink composition that is 
capable of providing an ink coating having a uniform 
color . 

There is also a need for an ink composition 
that provides an ink coating which is significantly less 
susceptible to causing microbending m an optical glass 
fiber that can lead to undesirable attenuation of the 
signal transmission. 

.qiJNM.^RY OF THE INVENTION 

An objective of the present invention is to 
provide an ink composition which when coated and cured on 
coated optical glass fibers provides an ink coating having 
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susceptible to causing microbending in the optical glass 
fiber . 

A further objective is to provide a method for 
making an ink composition which when coated and cured on 
5 coated optical glass fibers provides an ink coating having 
a uniform color and which is significantly less 
susceptible to causing microbending in the optical glass 
f iber . 

The above objectives and other objects can be 

10 obtained by the following. Provided is a novel radiation- 
curable ink composition which when coated and suitably 
cured at a coating thickness of 3-10 |im thickness on a 
coated optical glass fiber provides an ink coating having 
a substantially uniform color, the improved ink 

15 composition comprising; 

a radiation-curable carrier system containing 
at least one radiat ion- curable monomer or oligomer; and 

at least one pigment dispersed in the 
radiation-curable carrier system in an amount sufficient 

20 to provide a color which is visible without magnification, 
the pigm.ent being substantially insoluble m the 
radiation- curable carrier system whereby the particulate 
shape of the pigment is substantially retained in the 
radiation-curable carrier system., and wherein said pigment 

25 contains about 230 or less particles having a size of 

about 3 microns or greater per one square centimeter of 
cured ink coating. 

Also provided is a novel method of making an 
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improved radiation-curable ink composition which when 
coated and suitably cured on a coated optical glass fiber 
provides an ink coating having a substantially uniform 
color, the method comprising the steps of: 
5 combining a radiation-curable carrier system 

containing at least one radiation-curable monomer or 
oligomer with at least one pigment to provide an ink 
composition, wherein the pigment is present in an amount 
sufficient to provide a color which is visible without 

10 magnification, the pigment being substantially insoluble 
in the radiation-curable carrier system whereby the 
particulate shape of the pigment is substantially retained 
in the radiation-curable carrier system; 

filtering the ink composition to selectively 

15 remove pigment particles having a size of about 3 microns 
or greater to substantially avoid pigment induced 
microbending of an optical glass fiber coated with the ink 
coating. Also provided is a ribbon assembly containing at 
least one optical glass fiber coated with an ink coating 

20 according to the present invention. 

PFTATLED DESCRIPTION OF PREFERRED EMBODIMENTS 

The ink composition of this invention can be 
25 based on the radiation-curable carrier system of any known 
ink composition for coating and identifying coated optical 
glass fibers, which contains monomers cr oligomers that 
are radiation curable. Commercial exarr.ples of suitable 
radi at ion- curable carriers include tine radi ion - curabl e 
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carriers utilized in the Cablelite series of UV curable 
inks from DSM Desotech Incorporated which are based on 
multi-functional acrylate monomers. 

Ink coatings are usually about 3 to about 10 
5 microns thick and are usually concentric to prevent 
attenuation of the signal transmission. However, if 
desired, the ink coating can be applied in any form 
suitable to provide visible color identification of the 
individual coated optical glass fibers. Examples of 

10 suitable coatings include dashes, dots, lines, and rings. 
Preferably, the ink coating is substantially concentric. 
The ink coating compositions according to the present 
invention are capable of providing substantially 
concentric ink coatings, as well as discontinuous coatings 

15 such as dashes, dots, lines, and rings. 

The ink coatings generally have a Tg of at 
least about 30°C , more preferably at least about 50°C. 
One of ordinary skill m the art of form.ulating radiation- 
curable ink compositions knows how to adjust the 

20 radiation-curable composition to provide the desired 

properties of the cured coating. Thus, radiat ion - curable 
compositions which are usually used for form.mg outer 
primary coating compositions can be reformulated and 
utilized as the radiation-curable carrier system m the 

IS ink composition according to the present invention. 

Examples of suitable radiat ion - curable compositions which 
may be reformulated variously include those which are 
disclosed m U.S. patent numbers 4,624,994; 4,632,851; 
4,762,129; 4,794,133; 4,8 0 5,574; 4,849,462; 5,219,896; and 
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5, 336, 563 . 

Radiation-curable carriers which are suitable 
for forming the present ink composition contain one or 
more radiation-curable oligomers or monomers having at 
least one functional group capable of polymerization when 
exposed to actinic radiation. Suitable radxation-curable 
oligomers or monomers are now well known and within the 
skill of the art. 

Commonly, the radiation-curable functionality 
used is ethylenic unsaturation, which can be polymerized 
through radical polymerization or cationic polymerization. 
Specific examples of suitable ethylenic unsaturation are 
groups containing acrylate, methacrylate , styrene, 
vinylether, vinyl ester, N-substituted acrylamide, -vinyl 
amide, maleate esters, and fumarate esters. Preferably, 
the ethylenic unsaturation is provided by a group 
containing acrylate, methacrylate , or styrene 
functionality . 

Another type of functionality generally used 
is provided by, for example, epoxy groups, or thiol -ene or 
amine-ene systems. Epoxy groups in can be polymerized 
through cationic polymerization, whereas the thiol-ene and 
amme-ene systems are usually polymerized through radical 
polymerization. The epoxy groups can be, for example, 
homopolymerized . In the thiol -ene and amine-ene systems, 
for example, polymerization can occur between a group 
containing allylic u.nsaturat ion and a group containing a 
tertiary amine or thiol. 

Preferably, at least about 80 mole , more 
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preferably, at least about 90%, and most preferably 
substantially all of the radiation-curable functional 
groups present in the oligomer are acrylate or 
methacrylate . The remainer, if any, preferably is N-vinyl 
and/or (meth) acrylamide functional. 

A mixture of mono-, di-, tri-, tetra-, and 
higher f unctionalized oligomers can be used to achieve the 
desired balance of properties, wherein the 
f unctionalization refers to the number of radiation- 
curable functional groups present in the oligomer. 

The oligomers usually comprise a carbon- 
containing backbone structure to which the radiation- 
curable functional group (s) are bound. Examples of 
suitable carbon-containing backbones include polyethers, 
polyolefins, polyesters, polyamides, and polycarbonates. 
The size of the carbon- containing backbone can be selected 
to provide the desired molecular weight . The number 
average molecular weight of the oligomer is usually 
between about 500 to about 10,000, preferably between 
about 500 to about 7,000, and most preferably between 
about 1,000 to about 5,000. 

For example, the carbon- containing backbone of 
the oligomer can comprise aromatic groups and ring-opened 
epoxy groups or alkoxy groups. The oligomer can be 
represented by, for example: 
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where r is a radiation-curable functional 
group, 

Ar is an aromatic group containing moiety, and 
L is a linking group. 
5 Examples of suitable linking groups include 

alkoxy or ring opened epoxy such as ethoxy, propoxy, 
butoxy, and repeat units thereof. L can also be a urethane 
or urea linking group. 

The aromatic groups can be, for example, 
10 derived from bisphenol units, such as bisphenol A. A 

preferred oligomer is a diglycidyl ether derivative of 
bisphenol A to which acrylate functional groups have been 
bound. A commercially available example of such an 
oligomer is CN-120 (Sartomer) , which has a molecular 
15 weight of about 1300, and when cured has a Tg of about 
65°C - 

Another example of a preferred oligomer is a 
trif unctional polyether or polyester having a molecular 
weight of about 500 to about 5000. A preferred example of 
20 a trif unctional oligomer is the commercially available 
polyurethane triacrylate Ebecryl 264, which has a 
molecular weight of about 2000 and when cured a Tg of 
about 4 2''C. 

The radiation- curable carrier systems may also 
25 contain a reactive diluent which is used to adjust the 
viscosity. The reactive diluent can be a low viscosity 
monomer containing having at least one functional group 
capable of polymerization when exposed co actinic 
radiation. This functional croup may be of rhe same nature 
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as that used in the radiation-curable monomer or oligomer. 
Preferably, the functional group present in the reactive 
diluent is capable of copolymerizing with the radiation- 
curable functional group present on the radiation-curable 
5 monomer or oligomer. 

For example, the reactive diluent can be a 
monomer or mixture of monomers having an acrylate or vinyl 
ether functionality and an C4-C20 alkyl or polyether 
moiety. Particular examples of such reactive diluents 
10 include: hexylacrylate , 2 -ethylhexylacrylate , 

isobornylacrylate , decyl -acrylate , laurylacrylat e , 
stearylacrylate , 2 - ethoxyethoxy- ethylacrylate , 
laurylvmylether , 2 -ethylhexylvinyl ether, 
N-vinyl formamide, isodecyl acrylate, isooctyl acrylate, 
15 N-vinyl -caprolactam, N- vinylpyrrol idone , and the like. 

Another type of reactive diluent that can be 
used is a compound having an aromatic group. Particular 
examples of reactive diluents having an aromatic group 
include : ethyleneglycolphenylether- acrylate , 
2 0 polyethyleneglycolphenyletheracrylate , 

polypropyleneglycolphenylether-acrylate, and alkyl - 
substituted phenyl derivatives of the above monomers, such 
as polyethyleneglycolnonylphenyl -etheracrylate . 

The reactive diluent can also comprise a 
25 diluent having two or more functional groups capable of 
polymerization. Particular examples of such m.onomers 
include: C.-Cig hydrocarbon-dioldiacrylates , C^-C-^g 
hydrocarbondivmylethers , C^~C^e hydrocarbon triacrylates , 
and the polyether analogues thereof, and the like. 
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such as 1 , 6 -hexanedioldiacrylate , trimethylolpropanetri - 
acrylate, hexanedioldivinylether , triethylene- 
glycoldiacrylate , pentaerythritol - triacrylate , 
ethoxylated bisphenol-A diacrylate, and tripropyleneglycol 
5 diacrylate. 

If the radiation-curable functional group of 
the radiation-curable monomer or oligomer is an epoxy 
group, for example, one or more of the following compounds 
can be used as the reactive diluent : 
10 epoxy- cyclohexane , phenylepoxyethane , 1, 2 -epoxy- 4- 
vinylcyclohexane , glycidylacrylate , l,2-epoxy-4- 
epoxyethyl -cyclohexane , diglycidylether of polyethylene - 
glycol, diglycidylether of bisphenol-A, 
and the like. 

15 If the radiation-curable functional group of 

the radiation-curable monomer or oligomer has an amine-ene 
or thiol -ene system, examples of reactive diluents having 
allylic unsaturation that can be used include: 
diallylphthalate , triallyltri -mel litate , 

20 triallylcyanurate , triallyl isocyanurate , and 
diallylisophthalate . 

For amine-ene systems, amine functional diluents that can 
be used include, for example: 

the adduct of trimethylolpropane , isophorondi isocyanate 
25 and di (m) ethylethanolamme , the adduct of hexanediol , 
isophoron-diisocyanate and dipropylethanolamine , and 
the adduct of trimethylcl propane, tri- 
methylhexamethylenedi isc'cyanate and 
di (m) ethylethanolamme . 
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Other additives which can be used m the ink 
coating composition include, but are not limited to, 
photoinit iators ; catalysts, lubricants, wetting agents, 
antioxidants and stabilizers. The selection and use of 
5 such additives is within the skill of the art. 

Furthermore, the ink composition can contain 
at least one additive component which facilitates breakout 
performance. For example, the additive can be a 
hydrophobic polymer or oligomer, such as a silicone 

10 compound or a radiation- curable silicone compound. The 

amount of this additive can be that which is effective to 
retain suitable adhesion of the ink coating to the coated 
optical glass fiber but which provides suitable breakout 
characteristics between the ink coating and the matrix 

15 material of a ribbon assembly. 

Conventional inorganic and organic pigments 
which have been processed in accordance with the present 
invention can be used to formulate the improved radiation- 
curable ink composition according to the present 

20 invention. The use of the term "pigment" refers to both 
inorganic and organic pigments. The pigments are 
substantially insoluble in the radiation- curable carrier 
system whereby the particle shape of pigment is 
substantially retained in the ink composition. Soluble 

25 pigments can be combined with the insoluble pigments if 

desired. However, use of soluble pigments is not preferred 
because they can undesirably affect the properties of the 
ink coating. Therefore, preferably the ink composition is 
substantially free of pigments which are substantially 
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soluble in the radiation-curable carrier system. 

Ink compositions for application on a glass 
optical glass fiber drawing tower usually must pass 
through a die for applying the ink composition to the 
5 coated optical glass fiber. The die has a diameter which 
provides the desired thickness of the ink coating to be 
applied to the coated optical glass fiber. For example, if 
an my. coating having a thickness of 5 microns is desired, 
the diar-.-fter of the die should be 10 microns greater than 

10 the dij'-'.eter of the coated optical glass fiber passing 
throug."; tne die. 

It has now been found that pigment particles 
havm:; i cizc about, or greater than the thickness of the 
ir>. cca: im can cause microbending in the optical glass 

15 fit»*r wf; 1 rh can lead to undesirable attenuation of the 

si;r. il I : jr.3x.ission through the optical glass fiber. It is 
bel:"V.-i t^at when a matrix material is applied to the 
czjk'i' i cj'ical glass fiber for formxng a ribbon assembly, 
t.^;v r-.i-.r.x rr-aterial exerts a force on the pigment 

2 0 pair.:-*'.' This force can be transmitted through the 

piT^-":.*: irlicle and protective coatings to the surface of 
tr.v -:r*:,-al alass fiber, thereby causing microbending in 
th.«; ; t : 7 i 1 a lass fiber. 

L-ased on experimentation, it is has been found 

25 tr. i' * :.' "imposition snould be formulated tc provide 

; . :-^r.t particles as possible having a size of ac 
le.i:-* ' :." ' M Tj<:ness of the ink. coating to avoid pigment 
par:.;.' .r..:aced microbending. However, it is unexpected 
th.i" 1 '•rt.ii.n amount of relatively large particles can be 
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acceptable. Suitable amounts of pigment particles having a 
size equal to or greater than the thickness of the ink 
coating have been found to be about 230 or less, 
preferably about 200 or less, more preferably about 150 or 
5 less, and most preferably about 100 or less pigment 

particles per square centimeter of ink coating. Thus, for 
ink coatings having a thickness of about 3 to about 10 
microns, the quantity of pigment particles having a size 
of about 3 microns and greater should be about 23 0 or 
10 less, preferably about 200 or less, more preferably about 
150 or less, and most preferably about 100 or less per 
square centimeter of ink coating. 

Even though it is preferred to have no 
particles with a size of about 3 mxcron and greater, it 
15 appears to be acceptable to have 5 particles or more per 
square centimeter of ink coating. 

The pigment particles in the ink coating 
preferably have a number average mean particle diameter of 
about 0.8 microns or less, more preferably from about 0.1 
20 to about 0.8 microns. 

In general , pigment manufacturers can 
manufacture pigments having the desired particle size 
according to the request of customers. However, such 
pigments are usually produced for use in a wide variety of 
25 applications m which pigment induced microbendmg is no^ 
a factor. Therefore, these pigm,ents generally contain an 
undesirable number of particles having a size of 3 :r.icrons 
or greater. To reduce the number of undesirable particles, 
the pigment can be suitably dispersed in at least a 
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portion of the desired amount of radiation-curable carrier 
and then processed according to the present invention to 
provide the desired particle size. The ink composition can 
be processed according to the present invention by 
5 subjecting the ink composition to a filtering process to 
selectively remove undesirable pigment particles, such as 
those particles having a size of at least about the 
desired ink coating thickness. For example, if the ink 
composition is to be applied at a thickness of about 3 to 

10 about 10 microns, pigment particles having a size of about 
3 microns and greater can be selectively removed via 
filtering to the extent that about 230 or less, preferably 
about 200 or less, more preferably about 150 or less, and 
most preferably about 100 or less per square centimeter 

15 remain. 

The filtering process can be carried out by 
passing the ink composition through a suitable filter 
under prevailing atmospheric pressure or at increased 
pressures . The use of filters is now well known in the 

20 art. Based on the disclosure provided herein, the 

selection of the filter should be such that undesirable 
pigment particles having a size of about 3 microns and 
greater are selectively removed to substantially reduce 
pigment particle induced microbending m ribbon 

25 assemblies. However, significant amounts of pigment 

particles having a size below about 3 microns should net 
be removed to avoid color degradation. 

If desired, the pigment can be suitably 
dispersed m one or more of the components of the 
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radiac ion-curable carrier system and then processed. The 
remaining components of the radiation- curable carrier 
system can then be combined with the processed pigment. 
For example, to facilitate quicker and simpler filtering, 
the pigment can be suitably dispersed in a low viscosity 
diluent and then sub3ected to processing. After which, the 
remaining components, such as oligomers or monomers, can 
be corrj:ined with the processed pigment to form the ink 
compos 1 1 icn . 

Ribbon assemblies utilizing 12 or less coated 
optica: glass fibers require only 12 colors to adequately 
dist ir.:iuish each of the coated optical fibers from one 
anctr.'^r. However, in larger ribbon assemblies, more than 
12 c:i-r3 may be utilized to adequately distinguish the 
ccat'^i ;:tical glass fibers from one another. Any color 
rTvi>- -.^.^ri m the ink composition according to the 
presiT." invention. Examples of twelve colors normally used 
tcr ribbon assem±)lies include: black, white, 

yell''*, blue, red, green, orange, brown, pink, aqua, 
v .ir.i gray. 

A specific example of a suitable black pigm^ent 
inrlu:irn -.irbon black. 

A specific example of a suitable whine pigment 
in~l-^**r titanium dioxide. 

;^pt;cific examples of suitable yellow pigments 
j;:jr>'lide yellow and diazo based pigments. 

specific examples of suitable blue pigments 
incl-i*- r :;a 1 ocvanine blue, basic dve d laments, and 
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Specific examples of suitable red pigments 
include anthraquinone (red) , napthole red, monoazo based 
pigments, quinacridone pigments, anthraquinone, and 
perylenes . 

5 Specific examples of suitable green pigments 

include phthalocyanine green and nitroso based pigments. 

Specific examples of suitable orange pigments 
include monoazo and diazo based pigments, quinacridone 
pigments, anthraquinones and perylenes. 
10 Specific examples of suitable violet pigments 

include quinacrinode violet, basic dye pigments and 
carbazole dioxazine based pigments. 

Suitable aqua, brown, gray, and pink pigments 
can easily be formulated by combining other colors. One 
15 skilled in the art is able to form any color as desired by 
combining different. 

The pigment can be present in the ink 
composition in an amount that provides coloration that is 
visible without magnification to facilitate identification 
20 of the individual colored optical glass fiber. The am.ount 
of the pigment should not be so great as to significantly 
reduce the cure speed of the ink composition or result m 
other undesirable affects. Examples of suitable amounts of 
pigment have been found to be from about 1 to about 20 
25 weight %, preferably about 1 to about 15 weight %, more 
preferably about 1 to about 10 weight %, based on the 
total weight of the mk composition. 

A suitable ink composition comprises : 

about 1 :^o about 20 weight % of at least one 
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pigment, wherein the quantity of pigment particles having 
a size of about 3 microns or greater is about 230 or less 
per square centimeter of ink coating; and 

about 80 to about 99% of a radiation-curable 
5 carrier system. 

A preferred ink composition comprises: 

about 1 to about 20 weight % of at least one 
pigment, wherein the quantity of pigment particles having 
a size of about 3 microns or greater is about 200 or less 
10 per square centimeter of ink coating; 

about 20 to about 80 weight % of at least one 
radiation-curable oligomer; 

about 5 to about 80 weight % of at least one 
radiation-curable diluent monomer; and 
15 about .1 to about 20 weight % of at least one 

photoinitiator , based on the total weight % of the ink 
composition . 



the coated optical glass and cured using any suitable 
2 0 method. An example of a suitable method is disclosed in 
U.S. patent No. 4,629,285, the complete disclosure of 
which is incorporated herein by reference. The ink 
composition can also be applied in a manner similar to the 
application of the outer primary coating on an optical 
2 b glass fiber drawing and coating tower. 



art and one skilled m the art will easily be able to use 
the disclosure provided herein to prepare a novel ribbon 
assembly containing at least one of the improved ink 



The ink coating composition can be applied to 



Ribbon assemblies are now well known m the 
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coated optical glass fibers for the desired applications. 
The novel ribbon assembly made according to this invention 
can be used in telecommunication systems. Such 
telecommunication systems typically include ribbon 
5 assemblies containing optical glass fibers, transmitters, 
receivers, and switches. The ribbon assembly containing 
the coated optical glass fibers are the fundamental 
connecting units of telecommunication systems. The ribbon 
assembly can be buried under ground or water for long 

10 distance connections, such as between cities. The ribbon 
assembly can also be used to connect directly to 
residential homes. 

The novel ribbon assembly made according to 
this invention can also be used in cable television 

15 systems. Such cable television systems typically include 
ribbon assemblies containing optical glass fibers, 
transmitters, receivers, and switches. The ribbon asserr^bly 
containing the coated optical glass fibers are the 
fundamental connecting units of such cable television 

20 systems. The ribbon assembly can be buried under ground or 
water for long distance connections, such as between 
cities. The ribbon assembly can also be used to connect 
directly to residential homes. 

The invention will be further explained by the 

25 following non-limiting examples. 



Examples and Comparative ExaTr.ples 

Commercially available inks were filtered 
using the following three different filter units: (1) 
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Millipore CROl filter, (2) Millipore CROl filter in series 
with a Pall Ultipleat 4.5 and (3) CRK3 filter. The 
quantity of pigment particles in each sample having a size 
of 3 microns and greater was then determined as follows. 

3 inch by 1 inch microscope slides were 
cleaned using ethanol and lint free cotton wipes. Three 
0.011 gram (+/- 0.003 grams) samples of each filtered ink 
were taken using glass capillary droppers and applied to 
the cleaned slides. A cover slip was placed over each 
sample and pressure was applied to edges of the cover slip 
to provide samples having a diameter between 9 and 12 mm. 
The thickness of the sample coating being tested is 
usually from about 40 to about 80 microns thick, depending 
upon the viscosity of the ink coating composition and the 
pressure applied to the cover slip. The samples were 
covered prior to exposure to UV light to prevent curing by 
the overhead lighting. Each sample was then cured by 
exposure to a l.C J/cm^ dose of UV light from a fusion D 
Lamp under a nitrogen atmosphere. 

The number of particles having a size of 3 
microns or greater per square centimeter for each sample 
was determined using ASTM E20-85 and ASTM D1366-86, as 
follows. A sample area of 4 mm" was sectioned off using a 
pen for viewing under a microscope . The microscope was 
calibrated within 24 hours of preparing the slides, as 
described below. A file containing a photograph of a ruler 
was rerrieved and the units were set to rT^.icrons. A line 
was made from the first large slash mark to the last large 
slash mark, which equals 100 microns. The sample slides 
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were examined under 400x magnification. Each slide was 
scanned to locate one corner of the marked off area in 
which to begin counting- Particles having a size of 3 
microns and greater were counted. Once a particle was 
identified, a photograph of the image was captured on the 
computer- A line was made from end to end of the particle 
and measured- Examination of the slide for particles was 
kept within the square of 4 mm^ . Each sample area of 4 mm^ 
was divided into 12 computer monitor screens per row and 
12 computer monitor screens per column. If the particle 
count exceeded 10 particles per computer monitor screen, a 
particle count was done on only one screen and multiplied 
by 144 screens to arrive at the number of particles per 4 
mm^ . If the particle count exceeded 10 particles per 
column or per row, a particle count was only done on the 
row or column and multiplied by 12 to arrive at the number 
of particles per 4 mm^ . The average nurT±)er of particles 
for the three samples was determined and then converted to 
average number of particles per cm". The results are shown 
m Table 1 . 

The microscope was calibrated as follows. A 
micrometer from American Optical Company having a length 
of 2 mm, divided into units of 0.01 mm {10 microns) was 
imaged by the microscope using the 40x objective. This 
image was received by the video camera and sent to the 
video monitor. The image on the video monitor was then 
transferred to the computer using the digital imaging 
system and was viewed on the computer monitor. A section 
of this image equal to 200 microns on the m.icrometer is 
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Utilized for the purpose of spatial calibration in the 
computer imaging system. The software (Optimas) provides a 
cue for a new calibration, at which point a straight line 
is drawn with a mouse across the section of the micrometer 
5 image being used for the calibration. The software then 
asks for the length of this line. Since the micrometer is 
200 microns, the length of 200 microns is inputted into 
the computer. This information provides the basis for the 
software to make size determinations of particles or other 
10 objects imaged by the microscope. 



image of the system of interest is sent to the computer 
from the microscope. Once any particles or objects are 
identified and selected for measurement, a line is drawn 

15 across the object using the mouse. Based upon the spatial 
calibration information which the software has m memory, 
the distance of the line, and therefore the size of the 
object, IS displayed on the monitor. The calibration of 
the software was conducted every time the software was re- 

20 opened, and the microscope objective used for the 

calibration and the subsequent particle measure were the 
same . 



Once the software has been calibrated, an 
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Ink 






TT"I t- "i r^^ ^aaf- 




Green 


Ave . No . 
Part . 

>^ 3 F / cm^ 


392 


642 


25 


0 


Ave - No . 
Part . 

> 3 F sample 


15 . 67 


25.67 


1 . 00 


0 


Aqua 


Ave . No . 
Part . 

> 3 F / cm^ 


233 


258 


125 


0 


Ave - No . 
Part . 

>. 3 F sample 


9.33 


10 . 33 


5 . 00 


0 


Blue 


Ave . No . 
Part - 

> 3 F / cm^ 


1,267 


1 , 833 


200 


17 


Ave . No . 
Part - 

>_ 3 F sample 


50 . 67 


73 .33 


8 .00 


0 . 67 
8 1 


Violet: 


Ave . No . 
Part . 

>. 3 F / cm^ 


12 , 700 


708 


8 




Ave . No . 
Part . 

>. 3 F sample 


508 . GO 


28 . 33 


0 .33 


0.33 


Brown 


Ave . No . 
Part . 

> 3 F / cm' 


182 , 400 


12 , 500 


75 


67 


Ave . No . 
Part . 

> 3 F sample 


7,296.00 


500 . 00 


3 . 00 


2 . 67 


Red 


Ave . No . 
Part - 

>. 3 F / cm^ 


5 , 600 


267 


58 


8 


Ave . No . 
Part . 

>^ 3 F sample 


224.00 


10 . 67 


2.33 


0.33 
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Since the ink coating thickness used to 
generate the test results shown in Table 1 were 
significantly greater than the usual thickness of an ink 
5 coating on an optical glass fiber, the number of pigment 
particles per square centimeter having a size greater than 
3 microns should be significantly less for the examples 
when measured at the usual ink coating thickness of 3 to 
1 0 microns . 

10 Thus, the number of particles preferably is 

measured at the actual ink-coating thickness. However, it 
is also possible to measure the number of parnicles at 
e.g. 40 micron, and calculate the number in an actual 
coating of e.g. 3, 5 or 10 micron. 

15 While the invention has been described in 

detail and with reference to specific embodiments thereof, 
it will be apparent to those of ordinary skill in the art 
that various changes and modifications can be made to the 
claimed invention without departing from the spirit and 

20 scope thereof. 
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CLAIMS 



5 



10 



15 



20 



Radiation-curable ink composition which when coated 
and suitably cured at a coating thickness from about 
3 to about 10 microns on a coated optical glass 
fiber provides an ink coating having a substantially 
uniform color, the ink composition comprising: 
a radiation-curable carrier system containing at 
least one radiation-curable monomer or oligomer; and 
at least one pigment dispersed in said radiation- 
curable carrier system in an amount sufficient to 
provide a color which is visible without 
rvjgni f ication , said pigment being substantially 
insoluble in said radiation- curable carrier system 
wr.fr reby the particulate shape of said pigment is 
iiut-ct ant i ally retained in said radiation- curable 
j.irrier system, and wherein said pigment contains 
.itxrut 230 or less particles having a size of about 3 
rirrons or greater per one square centimeter of 
c-jred ink coating. 

A radiation-curable ink composition according to 
c'. a:m 1, wherein said pigment having a number 
.i-.'crarje mean particle diameter of less than about 
: r ricrons. 

A : 1 iiat lon-curable ink composition according to any 



-i: :\ ZOO or less particles having a size of about 3 

-rcr.G or greater per one square centimeter of 
-^rvi ink coating. 



claims 1-2, wherein said pigment contains 
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4. A radiation-curable ink composition according to 
claim 3, wherein said pigment contains about 100 or 
less particles having a size of about 3 microns or 
greater per one square centimeter of cured ink 

5 coating - 

5. A radiation-curable ink composition according to any 
one of claims 1-4, wherein said ink composition 
comprises from about 1 to about 20 weight % of said 
pigment and about 8 0 to about 90 weight % of a 

10 radiation-curable carrier system. 

6. A radiation-curable composition according to any one 
of claims 1-5, wherein said ink composition is 
adapted to provide a substantially concentric ink 
coating on a coated optical glass fiber. 

15 7. A method of making a radiation-curable ink 

composition which when coated and suitably cured on 
a coated optical glass fiber provides an ink coating 
having a substantially uniform color, the method 
comprising the steps of : 

20 combining a radiation-curable carrier system 

containing at least one radiation- curable monomer or 
oligomer with at least one pigment to provide an ink 
composition, wherein said pigment is present m an 
amount sufficient to provide a color which is 

25 visible without magnification, said pigment being 

substantially insoluble m said radiat ion - curable 
carrier system whereby the particulate shape of said 
pigment is substantially retained in said radiation- 
curable carrier system; 
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5 

8 . 

10 
15 
20 

9 . 

25 



filtering said ink composition to selectively remove 



or greater to substantially avoid pigment induced 
microbending of an optical glass fiber coated with 
said ink coating. 

A method of making an improved radiation-curable ink 
composition which when coated and suitably cured on 
a coated optical glass fiber provides an ink coating 
having a substantially uniform color, the method 
comprising the steps of: 

combining at least one pigment with at least one 
monomer or oligomer component of a radiation-curable 
carrier system to form a colored mixtures- 
filtering said colored mixture to selectively remove 
pigment particles having a size of about 3 microns 
or greater; and 

combining said filtered colored mixture with 
remaining components of said radiat ion- curable 
carrier system to form a radiation-curable ink 
coating composition which substantially avoids 
pigment induced microbending of an optical glass 
fiber coated with said ink coating. 

A method according to any one of claim 7-8, wherein 
said filtering step is conducted to provide said 
pigment with about 230 or less particles having a 
size of about 3 microns or greater per one square 
centimeter of cured ink coating. 
A method according to claim 9, wherein said 
filtering step is conducted to provide said pigment 



pigment particles having a size of about 3 microns 
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with about 150 or less particles having a size of 
about 3 microns or greater per one square centimeter 
of cured ink coating. 

11. A radiation curable ink composition obtainable with 
5 Che method according to any one of claims 7-10. 

12. An ink composition according to claim 11, wherein 
said ink composition or said colored mixture is 
filtered using a CRK3 filtering unit. 

13. A ribbon assembly comprising a plurality of coated 
10 optical glass fibers bound together with a matrix 

r^terial, wherein at least one of said coated 
optical glass fibers comprising: 
an optical glass fiber; 

an inner primary coating adjacent to said optical 
15 qldss fiber; 

a:, outer primary coating adjacent to said inner 
prirnary coating; and 

an ink coating adjacent to said outer primary 
rcatmg; wherein said ink coating is an ink 
20 arrcrdmg to any one of claims 1-6 or 11-12. 
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